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FUEL CELL AND FUEL CELL SYSTEM

INCORPORATION BY REFERENCE

The disclosure of Japanese Patent Application No. 2015-
248918 filed on Dec. 21, 2015 including the specification,
drawings and abstract is incorporated herein by reference in
its entirety.

BACKGROUND

1. Technical Field

The present disclosure relates to a fuel cell and a fuel cell
system.

2. Description of Related Art

A solid polymer electrolyte fuel cell includes a membrane
electrode assembly in which a catalyst electrode layer is
disposed on both surfaces of an electrolyte membrane hav-
ing proton conductivity. In the membrane electrode assem-
bly, an electrochemical reaction progresses, which produces
water. Therefore, water is present in the fuel cell. In a case
where the fuel cell operates for a long period of time,
cationic impurities included in in-take air may be incorpo-
rated into water in the fuel cell, or cationic impurities
included in materials constituting the electrolyte membrane
and the catalyst electrode layer may be eluted into water in
the fuel cell. As a result, the power generation performance
deteriorates. Therefore, a method of restoring power gen-
eration performance in which the amount of cationic impu-
rities is reduced by operating a fuel cell at a high load, by
reversing a direction of a current drawn from a fuel cell, or
cleaning the inside of a fuel cell with a cleaning solution is
known (for example, Japanese Patent Application Publica-
tion No. 2001-85037 (JP 2001-85037 A)).

However, in a state where a fuel cell is mounted on a fuel
cell vehicle or the like, it is difficult to reverse a direction of
a current drawn from the fuel cell or to clean the inside of
a fuel cell with a cleaning solution. In addition, in the
method of operating a fuel cell at a high load to restore
power generation performance, a large amount of water is
produced due to the operation of the fuel cell at a high load
such that cationic impurities are exhausted to the outside of
the fuel cell together with the produced water, thereby
restoring the power generation performance. However, in
order to maintain an appropriate amount of water in a
membrane electrode assembly, a water-repellent layer may
be provided on a side surface of the membrane electrode
assembly. In this case, even in a case where a large amount
of water is produced by operating a fuel cell at a high load,
the produced water in the membrane electrode assembly is
blocked by the water-repellent layer. Therefore, it is difficult
to exhaust the produced water in the form of liquid, and even
when a portion of the produced water is exhausted to the
outside of the fuel cell, the amount of cationic impurities
exhausted together with the produced water is small.

SUMMARY

The disclosure provides a fuel cell and a fuel cell system
capable of exhausting a large amount of cationic impurities
to the outside of the fuel cell.

According to a first aspect of the disclosure there is
provided a fuel cell including: a membrane electrode assem-
bly in which an electrode catalyst layer is provided on both
surfaces of an electrolyte membrane; a water-repellent layer
that is disposed on at least one surface of the membrane
electrode assembly; and a separator that is disposed on a
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surface of the water-repellent layer opposite to the mem-
brane electrode assembly and includes a gas passage con-
figured to circulate gas, which is supplied to the electrode
catalyst layer, and an exhaust manifold connected to the gas
passage. In the fuel cell, the gas passage includes a water
exhaust inhibiting portion and a water storage portion, the
water exhaust inhibiting portion is provided on a lowermost
passage positioned on a lowermost side in a gravity direction
in a state where the fuel cell is mounted on a vehicle in order
to inhibit liquid water from being exhausted to the exhaust
manifold, the water storage portion is provided upstream of
the water exhaust inhibiting portion such that liquid water is
stored in the water storage portion by the water exhaust
inhibiting portion, and a liquid water connection portion is
provided in the water-repellent layer so as to pass through
the water-repellent layer from an electrode catalyst layer
side to a separator side such that liquid water flows between
the electrode catalyst layer and the water storage portion.

The lowermost passage in the gas passage may include a
first portion that extends in a direction intersecting the
gravity direction and a second portion that extends upward
from the first portion and is connected to the exhaust
manifold, the first portion may function as the water storage
portion, and the second portion may function as the water
exhaust inhibiting portion.

The first portion may extend to a region immediately
below the exhaust manifold.

The water exhaust inhibiting portion may be a water-
repellent film that is provided on a wall surface of the
lowermost passage.

The water exhaust inhibiting portion may be a protrusion
that is provided in the lowermost passage.

The fuel cell may further include a gas diffusion layer that
is provided between the water-repellent layer and the sepa-
rator, in which the liquid water connection portion may be
provided so as to pass through the water-repellent layer and
the gas diffusion layer from the electrode catalyst layer side
to the separator side, and the liquid water connection portion
and the water storage portion may be in contact with each
other.

The gas passage may extend in a direction intersecting the
gravity direction and may include a plurality of groove
portions along the gravity direction, and a sectional area of
a groove portion where the water storage portion is provided
among the plurality of groove portions may be larger than
sectional areas of other groove portions.

A volume of the water storage portion may be 20% or
higher of a maximum water content of the membrane
electrode assembly.

The gas passage may extend in a direction intersecting the
gravity direction and may include a plurality of groove
portions along the gravity direction, and a length of the
liquid water connection portion in the gravity direction may
be more than a width between one groove portion opposite
to the liquid water connection portion among the plurality of
groove portions and another groove portion adjacent to the
one groove portion.

According to a second aspect of the disclosure, there is
provided a fuel cell system including: the fuel cell according
to the first aspect; and a gas flow rate controller configured
to control a flow rate of gas circulating in the gas passage.
When the fuel cell is stopped or activated, the gas flow rate
controller is configured to circulate gas in the gas passage at
a second gas flow rate which is higher than a first gas flow
rate corresponding to an amount of power generated based
on a required output for the fuel cell.
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The gas flow rate controller may be configured to circu-
late gas at the second gas flow rate in a case where a total
operating time or an immediately previous operating time of
the fuel cell is a first predetermined time or longer, and may
be configured not to circulate gas at the second gas flow rate
in a case where the total operating time or the immediately
previous operating time is shorter than the first predeter-
mined time.

The gas flow rate controller may be configured to circu-
late gas at the second gas flow rate in a case where an
immediately previous stoppage time of the fuel cell is a
second predetermined time or longer, and may be configured
not to circulate gas at the second gas flow rate in a case
where the immediately previous stoppage time is shorter
than the second predetermined time.

The fuel cell system may further include: a coolant
passage configured to circulate a coolant which is supplied
to the fuel cell to cool the fuel cell; a temperature detector
that detects a temperature of the fuel cell; and a coolant
circulation controller that is configured to control circulation
of the coolant in the coolant passage, in which the coolant
circulation controller may be configured to circulate the
coolant in the coolant passage until the temperature of the
fuel cell is lower than a first predetermined temperature after
power generation of the fuel cell is stopped, and the gas flow
rate controller may be configured to circulate gas at the
second gas flow rate after the temperature of the fuel cell is
lower than the first predetermined temperature and circula-
tion of the coolant is stopped.

The fuel cell system may further include: a power gen-
eration controller configured to cause, in a case where the
temperature of the fuel cell is lower than a second prede-
termined temperature when a signal for stopping the fuel cell
is received, the fuel cell to generate power until the tem-
perature of the fuel cell is the second predetermined tem-
perature or higher, in which the coolant circulation control-
ler may be configured to circulate the coolant in the coolant
passage until the temperature of the fuel cell is lower than
the first predetermined temperature after the temperature of
the fuel cell is the second predetermined temperature or
higher and the power generation of the fuel cell is stopped.

The power generation controller may be configured to
cause the fuel cell to generate power until the temperature of
the fuel cell is the second predetermined temperature or
higher by reducing a supply amount of gas to be less than
that during the power generation based on the required
output for the fuel cell.

According to the disclosure, a large amount of cationic
impurities can be exhausted to the outside of a fuel cell.

BRIEF DESCRIPTION OF THE DRAWINGS

Features, advantages, and technical and industrial signifi-
cance of exemplary embodiments of the disclosure will be
described below with reference to the accompanying draw-
ings, in which like numerals denote like elements, and
wherein:

FIG. 1A is a plan view showing a part of a single cell of
a fuel cell according to a first embodiment;

FIG. 1B is a sectional view showing the single cell of the
fuel cell according to the first embodiment;

FIG. 1C is a sectional view taken along line IC-IC of FIG.
1B;

FIG. 2 is a plan view showing a cathode-side separator
when seen from a cathode gas diffusion layer side;

FIG. 3A is a sectional view showing a single cell of a fuel
cell according to Comparative Example;
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FIG. 3B is a plan view showing a cathode-side separator
when seen from a cathode gas diffusion layer side;

FIG. 4 is a diagram showing a mechanism in which
cationic impurities included in liquid water in the fuel cell
according to Comparative Example are not likely to be
exhausted to the outside of the fuel cell;

FIG. 5A is a diagram showing a mechanism in which
cationic impurities are exhausted to the outside of the fuel
cell according to Comparative Example by operating the
fuel cell at a high load;

FIG. 5B is a diagram showing the mechanism in which
cationic impurities are exhausted to the outside of the fuel
cell according to Comparative Example by operating the
fuel cell at a high load;

FIG. 6 is a diagram showing an effect of the fuel cell
according to the first embodiment;

FIG. 7 is a diagram showing the amount of cationic
impurities in which the amount of water stored in a water
storage portion is finally in an equilibrium state between a
membrane electrode assembly and the water storage portion;

FIG. 8 is a sectional view showing a single cell of a fuel
cell according to a first modification example of the first
embodiment;

FIG. 9A is a sectional view showing a single cell of a fuel
cell according to a second modification example of the first
embodiment;

FIG. 9B is a sectional view taken along line IXB-IXB of
FIG. 9A;

FIG. 10 is a diagram showing a method of forming a
hydrophilic film;

FIG. 11 is a plan view showing a cathode-side separator,
which is included in a single cell of a fuel cell according to
a third modification example of the first embodiment, when
seen from a cathode gas diffusion layer side;

FIG. 12A is a sectional view showing a configuration of
a single cell of a fuel cell according to a second embodiment;

FIG. 12B is a sectional view taken along line XIIB-XIIB
of FIG. 12A;

FIG. 13A is a sectional view showing a configuration of
a single cell of a fuel cell according to a third embodiment;

FIG. 13B is a sectional view taken along line XIIIB-XIIIB
of FIG. 13A;

FIG. 14A is a sectional view showing a connection
relationship between a liquid water connection portion and
a cathode-side separator;

FIG. 14B is a sectional view showing the connection
relationship between the liquid water connection portion and
the cathode-side separator;

FIG. 15 is a sectional view showing a configuration of a
single cell of a fuel cell according to a fourth embodiment;

FIG. 16A is a sectional view showing a configuration of
a single cell of a fuel cell according to a fifth embodiment;

FIG. 16B is a sectional view taken along line XVIB-
XVIB of FIG. 16A,

FIG. 16C is a plan view showing a cathode-side separator
when seen from a cathode gas diffusion layer side;

FIG. 17A is a sectional view showing a configuration of
a single cell of a fuel cell according to a sixth embodiment;

FIG. 17B is a sectional view taken along line XVIIB-
XVIIB of FIG. 17A,

FIG. 17C is a plan view showing a cathode-side separator
when seen from a cathode gas diffusion layer side;

FIG. 18 is a plan view showing a cathode-side separator,
which is included in a single cell of a fuel cell according to
a first modification example of the sixth embodiment, when
seen from a cathode gas diffusion layer side;
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FIG. 19A is a diagram showing a configuration of a fuel
cell system according to a seventh embodiment;

FIG. 19B is a diagram showing a gas flow rate controller
for the fuel cell system of FIG. 19A;

FIG. 20 is a flowchart showing an example of a cationic
impurity exhaust treatment using a control device in the fuel
cell system according to the seventh embodiment;

FIG. 21 is a flowchart showing an example of a cationic
impurity exhaust treatment using a control device in a fuel
cell system according to an eighth embodiment;

FIG. 22A is a diagram showing a configuration of a fuel
cell system according to a ninth embodiment;

FIG. 22B is a diagram showing a gas flow rate controller,
coolant circulation controller, and power generation control-
ler for the fuel cell system of FIG. 22A;

FIG. 23 is a flowchart (part 1) showing an example of a
cationic impurity exhaust treatment using a control device in
the fuel cell system according to the ninth embodiment;

FIG. 24 is the flowchart (part 2) showing the example of
the cationic impurity exhaust treatment using the control
device in the fuel cell system according to the ninth embodi-
ment;

FIG. 25 is a flowchart (part 1) showing an example of a
cationic impurity exhaust treatment using a control device in
a fuel cell system according to a tenth embodiment; and

FIG. 26 is the flowchart (part 2) showing the example of
the cationic impurity exhaust treatment using the control
device in the fuel cell system according to the tenth embodi-
ment.

DETAILED DESCRIPTION OF EMBODIMENTS

Hereinafter, embodiments of the disclosure will be
described with reference to the drawings.

A fuel cell according to a first embodiment is a solid
polymer electrolyte fuel cell which generates power by the
supply of a fuel gas (for example, hydrogen) and an oxidant
gas (for example, air) as reaction gases. This fuel cell has a
stack structure in which plural single cells are stacked and is
mounted on, for example, a fuel cell vehicle or an electric
vehicle. FIG. 1A is a plan view showing a part of a single
cell 1000 of the fuel cell according to the first embodiment.
FIG. 1B is a sectional view showing the single cell 1000 of
the fuel cell according to the first embodiment. FIG. 1C is a
sectional view taken along line IC-IC of FIG. 1B. As shown
in FIG. 1B, the single cell 1000 includes a membrane
electrode assembly 10 in which a cathode catalyst layer 12
and an anode catalyst layer 13, which are electrode catalyst
layers, are formed on both surfaces of an electrolyte mem-
brane 11. The electrolyte membrane 11 is a solid polymer
membrane which is formed of a fluororesin material or a
hydrocarbon resin material and has excellent proton con-
ductivity in a wet state. The cathode catalyst layer 12 and the
anode catalyst layer 13 include: carbon particles (for
example, carbon black) on which a catalyst for causing an
electrochemical reaction to progress (for example, platinum
or a platinum-cobalt alloy) is supported; and an ionomer
having proton conductivity.

On both surfaces of the membrane electrode assembly 10,
a pair of water-repellent layers (a cathode-side water-repel-
lent layer 14 and an anode-side water-repellent layer 15) for
maintaining an appropriate amount of water in the mem-
brane electrode assembly 10, a pair of gas diffusion layers (a
cathode gas diffusion layer 16 and an anode gas diffusion
layer 17), and a pair of separators (a cathode-side separator
18 and an anode-side separator 19) are disposed. As shown
in FIG. 1A, the cathode-side water-repellent layer 14 and the
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6

cathode gas diffusion layer 16 are smaller than the electro-
lyte membrane 11 in external shape. The same can be
applied to the anode-side water-repellent layer 15 and the
anode gas diffusion layer 17. In a peripheral region of the
electrolyte membrane 11 (a region where the water-repellent
layers and the gas diffusion layers are not disposed), a seal
member (not shown) is provided.

The cathode-side water-repellent layer 14, the anode-side
water-repellent layer 15, the cathode gas diffusion layer 16,
and the anode gas diffusion layer 17 are formed of a member
having gas permeability and electron conductivity, for
example, a porous carbon member such as carbon cloth or
carbon paper. The porous carbon member of the cathode-
side water-repellent layer 14 and the anode-side water-
repellent layer 15 has a smaller pore size than that of the
cathode gas diffusion layer 16 and the anode gas diffusion
layer 17. For example, the pore size of the cathode-side
water-repellent layer 14 and the anode-side water-repellent
layer 15 is about 0.5 um, and the pore size of the cathode gas
diffusion layer 16 and the anode gas diffusion layer 17 is
about 20 um. In this way, the pore size of the cathode-side
water-repellent layer 14 and the anode-side water-repellent
layer 15 is small. Therefore, the outflow of water from the
cathode catalyst layer 12 and the anode catalyst layer 13 can
be inhibited, and an appropriate amount of water in the
membrane electrode assembly 10 can be maintained.

The cathode-side separator 18 and the anode-side sepa-
rator 19 are formed of a member having gas barrier prop-
erties and electron conductivity, for example, a gas-imper-
meable carbon member such as dense carbon obtained by
compressing carbon, or a metal member such as stainless
steel obtained by press forming. The cathode-side separator
18 and the anode-side separator 19 have convex-concave
portions on surfaces thereof to form a passage for circulating
gas. Due to the cathode-side separator 18, a cathode gas
passage 20 in which air can be circulated is formed between
the cathode-side separator 18 and the cathode gas diffusion
layer 16. Due to the anode-side separator 19, an anode gas
passage 21 in which hydrogen can be circulated is formed
between the anode-side separator 19 and the anode gas
diffusion layer 17. In the first embodiment, the anode and the
cathode include the diffusion layers, respectively, but the
disclosure is not limited thereto. Either one of the anode or
the cathode may include the diffusion layer. In this case, gas
is directly supplied from the anode gas passage or the
cathode gas passage to the catalyst layer through the water-
repellent layer. In a configuration in which the diffusion
layer is not provided, the water-repellent layer is formed of
a seal member having a water-repellent function, a gas
permeating function, and a conducting function.

Here, the structure of the cathode-side separator 18 will be
described in more detail. FIG. 2 is a plan view showing the
cathode-side separator 18 when seen from the cathode gas
diffusion layer 16 side. As shown in FIG. 2, the cathode-side
separator 18 includes an air supply manifold 30, an air
exhaust manifold 31, a hydrogen supply manifold 32, a
hydrogen exhaust manifold 33, a coolant supply manifold
34, and a coolant exhaust manifold 35.

Each of the manifolds is a through-hole in a thickness
direction of the cathode-side separator 18. The air supply
manifold 30 forms a passage for circulating air supplied
from the outside of the fuel cell in a stacking direction of the
fuel cell. The air exhaust manifold 31 forms a passage for
circulating cathode off gas exhausted from the membrane
electrode assembly 10 in the stacking direction of the fuel
cell to be exhausted to the outside of the fuel cell. The
hydrogen supply manifold 32 forms a passage for circulating
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hydrogen supplied from the outside of the fuel cell in the
stacking direction of the fuel cell. The hydrogen exhaust
manifold 33 forms a passage for circulating anode off gas
exhausted from the membrane electrode assembly 10 in the
stacking direction of the fuel cell to be exhausted to the
outside of the fuel cell. The coolant supply manifold 34
forms a passage for circulating a coolant supplied from the
outside of the fuel cell in the stacking direction of the fuel
cell. The coolant exhaust manifold 35 forms a passage for
circulating the coolant, which has been circulated in a power
generation portion, in the stacking direction of the fuel cell
to be exhausted to the outside of the fuel cell.

The cathode gas passage 20 is formed of a serpentine-
shaped groove. That is, the cathode gas passage 20 is formed
of: plural first groove portions 36 that extend in an inter-
section direction intersecting the gravity direction in a state
where the fuel cell is mounted on something; and plural
second groove portions 37 that connect the first groove
portions 36 to each other and extend in the gravity direction.
A first groove portion 36a, which is positioned on the
lowermost side in the gravity direction among the plural first
groove portions 36, has: a first portion 39« that extends in
the intersection direction intersecting the gravity direction;
and a second portion 395 that extends upward from the first
portion 39a and is connected to the air exhaust manifold.
The second portion 396 of the first groove portion 36a
extends upward and thus functions as a water exhaust
inhibiting portion 38 that inhibits liquid water from being
exhausted to the air exhaust manifold 31. In the first portion
394 of the first groove portion 36a, liquid water is not likely
to flow to the air exhaust manifold 31 by the water exhaust
inhibiting portion 38. Therefore, the first portion 39« func-
tions as a water storage portion 22 in which dew conden-
sation water produced by the fuel cell being stopped is
stored.

As shown in FIGS. 1B and 1C, in the cathode-side
water-repellent layer 14, a liquid water connection portion
24 through which liquid water flows between the cathode
catalyst layer 12 and the water storage portion 22 is pro-
vided, the liquid water connection portion 24 being a
through-hole which passes through the cathode-side water-
repellent layer 14 from the cathode catalyst layer 12 side to
the cathode gas diffusion layer 16 side. The liquid water
connection portion 24 is provided so as to be positioned at
the same height as that of the first groove portion 36a. A
section of the liquid water connection portion 24 has, for
example, a circular shape having a diameter of about 0.5
mm. The sectional shape of the liquid water connection
portion 24 is not limited to a circular shape and may be a
rectangular shape, an elliptical shape, or other shapes.

Here, in order to describe the effect of the fuel cell
according to the first embodiment, a fuel cell according to
Comparative Example will be described. FIG. 3A is a
sectional view showing a single cell of the fuel cell accord-
ing to Comparative Example. FIG. 3B is a plan view
showing the cathode-side separator 18 when seen from the
cathode gas diffusion layer 16 side; As shown in FIG. 3A,
the liquid water connection portion 24 which passes through
the cathode-side water-repellent layer 14 is not provided. As
shown in FIG. 3B, the first groove portion 36q is linearly
connected to the air exhaust manifold 31 in the intersection
direction, and water exhaust inhibiting portion 38 and the
water storage portion 22 are not formed. Since the other
configurations are the same as those of the first embodiment,
the description thereof will not be repeated.

FIG. 4 is a diagram showing a mechanism in which
cationic impurities 40 included in liquid water in the fuel cell
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according to Comparative Example are not likely to be
exhausted to the outside of the fuel cell. As shown in FIG.
4, water (liquid water 42) is produced due to an electro-
chemical reaction in the cathode catalyst layer 12. In a case
where the fuel cell operates for a long period of time, the
cationic impurities 40 included in in-take air or materials
constituting the electrolyte membrane and the electrode
catalyst layer are incorporated into the liquid water 42
together with protons 41. In a case where the cationic
impurities 40 are incorporated into the liquid water 42, the
power generation performance deteriorates. Examples of the
cationic impurities 40 include Ca**, Mg*, and Co**.

The cationic impurities 40 in the liquid water 42 are
diffused in the liquid water 42 by concentration diffusion.
The diffused amount can be expressed by Expression 1, the
final ratio of the cationic impurities 40 is the same in the
electrolyte membrane 11 and the cathode catalyst layer 12.

Protons in Electrolyte Membrane

Cationic Impurities in Electrolyte Membrane —

Protons in Cathode Catalyst Layer

Cationic Impurities in Cathode Catalst Layer

Since the cathode-side water-repellent layer 14 is pro-
vided on a side surface of the cathode catalyst layer 12, the
liquid water 42 is not likely to be exhausted from the cathode
catalyst layer 12 to the outside. However, a portion of the
liquid water 42 dissolved in the cathode off gas permeates
through the cathode-side water-repellent layer 14 and thus is
exhausted to the outside. On the other hand, the cationic
impurities 40 cannot be dissolved in the cathode off gas.
Therefore, unlike the liquid water 42, the cationic impurities
cannot be exhausted to the outside by being dissolved in the
cathode off gas. Due to the above-described reason, the
cationic impurities 40 in the liquid water 42 are not likely to
be exhausted to the outside of the fuel cell.

According to JP 2001-85037 A, cationic impurities are
exhausted to the outside of a fuel cell by operating the fuel
cell at a high load. This method will be described using
FIGS. 5A and 5B. FIGS. 5A and 5B are diagrams showing
a mechanism in which cationic impurities are exhausted to
the outside of the fuel cell according to Comparative
Example by operating the fuel cell at a high load.

As shown in FIG. 5A, by operating the fuel cell at a high
load, a large amount of water (liquid water 42) is produced.
Therefore, an amount of the liquid water 42, which is more
than the amount in which the liquid water 42 can be
dissolved in the cathode off gas and can be exhausted to the
outside, increases the pressure of the liquid water 42 in the
cathode catalyst layer 12. As a result, the liquid water 42 in
the cathode catalyst layer 12 passes through the cathode-side
water-repellent layer 14 and is exhausted to the cathode gas
passage 20. When the liquid water 42 is exhausted, the
cationic impurities 40 in the liquid water 42 are exhausted
together.

However, the amount of the liquid water 42 which passes
through the cathode-side water-repellent layer 14 and is
exhausted to the cathode gas passage 20 is not large. In
addition, the cationic impurities 40 are diffused in the liquid
water 42 by concentration diffusion. Therefore, the moving
speed is slow, and a long period of time is required to obtain
the above-described state of Expression 1. That is, the
cationic impurities 40 cannot move to the liquid water 42,
which is produced by operating the fuel cell at a high load,
within a short period of time. Therefore, only a portion of the
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cationic impurities 40, which has been diffused in the liquid
water 42 present near the cathode-side water-repellent layer
14 in the cathode catalyst layer 12 before the operation of the
fuel cell at a high load, is exhausted together with the liquid
water 42 by operating the fuel cell at a high load. As shown
in FIG. 5B, the cationic impurities 40 included in the liquid
water 42 of the electrolyte membrane 11 are not likely to be
exhausted. Accordingly, a large amount of the cationic
impurities 40 are not likely to be exhausted to the outside of
the fuel.

FIG. 6 is a diagram showing the effect of the fuel cell
according to the first embodiment. As shown in FIG. 6, the
cathode gas passage 20 has the water storage portion 22
shown in FIG. 2. As described above, in the water storage
portion 22, the liquid water 42 such as dew condensation
water which is produced by the fuel cell being stopped is not
likely to flow to the air exhaust manifold 31, and thus a large
amount of the liquid water 42 can be stored. In addition, in
the cathode-side water-repellent layer 14, the liquid water
connection portion 24 which is the through-hole is provided.
Therefore, the liquid water 42 in the cathode catalyst layer
12, the electrolyte membrane 11, and the anode catalyst
layer 13 is connected to the liquid water 42 stored in the
water storage portion 22 through the liquid water connection
portion 24. As a result, the cationic impurities 40 can move
between the liquid water 42 of the cathode catalyst layer 12
and the liquid water 42 stored in the water storage portion
22. Since it is assumed that the stoppage time of the fuel cell
is long to some extent, it is assumed that a large amount of
the cationic impurities 40 are diffused in a large amount of
the liquid water 42 stored in the water storage portion 22
such that the concentration of the cationic impurities 40 in
the liquid water 42 of the water storage portion 22 increases.
Therefore, by causing an amount of gas, which is required
to generate power during the activation of the fuel cell, to
flow, the liquid water 42 stored in the water storage portion
22 can be exhausted and a large amount of the cationic
impurities 40 can be exhausted to the outside of the fuel cell.

As described above, according to the first embodiment, as
shown in FIG. 2, the cathode gas passage 20 includes the
water exhaust inhibiting portion 38 and the water storage
portion 22, the water exhaust inhibiting portion 38 is pro-
vided in the lowermost passage positioned on the lowermost
side in the gravity direction in order to inhibit liquid water
from being exhausted to the air exhaust manifold 31, and the
water storage portion 22 is provided upstream of the water
exhaust inhibiting portion 38 such that liquid water 42 is
stored in the water storage portion 22 by the water exhaust
inhibiting portion 38. As shown in FIG. 1B, in the cathode-
side water-repellent layer 14, the liquid water connection
portion 24 through which the liquid water 42 flows between
the cathode catalyst layer 12 and the water storage portion
22 is provided. As a result, due to the mechanism shown in
FIG. 6, a large amount of the cationic impurities 40 can be
exhausted to the outside of the fuel cell, and the power
generation performance can be restored satisfactorily. The
dew condensation water produced by the fuel cell being
stopped moves downward due to gravity, for example, along
the cathode gas diffusion layer 16. Therefore, by providing
the water storage portion 22 in the lowermost passage in the
cathode gas passage 20 which is positioned on the lower-
most side in the gravity direction, a large amount of dew
condensation water (liquid water 42) can be stored in the
water storage portion 22.

In the first embodiment, it is preferable that the volume of
the water storage portion 22 is 20% or higher of the
maximum water content of the membrane electrode assem-
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bly 10. This configuration will be described using FIG. 7.
FIG. 7 is a diagram showing the amount of the cationic
impurities 40 in which the amount of water stored in the
water storage portion 22 is finally in an equilibrium state
between the membrane electrode assembly 10 and the water
storage portion 22. In FIG. 7, the amount of the cationic
impurities 40 incorporated per predetermined traveling dis-
tance (for example, 1000 km) is represented by 1. In FIG. 7,
the horizontal axis represents a ratio (amount of water
stored/maximum water content of membrane electrode
assembly) of the amount of water stored in the water storage
portion 22 to the maximum water content of the membrane
electrode assembly 10. The vertical axis represents the
amount of the cationic impurities 40 in which, by repeatedly
exhausting the liquid water 42 stored in the water storage
portion 22 to the outside of the fuel cell, the amount of water
stored in the water storage portion 22 is finally in an
equilibrium state between the membrane electrode assembly
10 and the water storage portion 22.

As shown in FIG. 7, in a case where (amount of water
stored/maximum water content of membrane electrode
assembly) is 1, the amount of the cationic impurities 40
accumulating in the membrane electrode assembly 10 is
suppressed to about the amount of the cationic impurities 40
incorporated per predetermined traveling distance. Even in
a case where (amount of water stored/maximum water
content of membrane electrode assembly) is higher than 1,
the amount of the cationic impurities 40 accumulating in the
membrane electrode assembly 10 is not reduced that much.
On the other hand, in a case where (amount of water
stored/maximum water content of membrane electrode
assembly) is lower than 0.2, the amount of the cationic
impurities 40 accumulating in the membrane electrode
assembly 10 is rapidly increased.

Based on the above results, from the viewpoint of reduc-
ing the amount of the cationic impurities 40 accumulating in
the membrane electrode assembly 10, it is preferable that the
volume of the water storage portion 22 is 20% or higher of
the maximum water content of the membrane electrode
assembly 10. The volume of the water storage portion 22 is
more preferably 50% or higher and still more preferably
80% or higher of the maximum water content of the mem-
brane electrode assembly 10. On the other hand, even in a
case where the volume of the water storage portion 22 is
higher than 100% of the maximum water content of the
membrane electrode assembly 10, the amount of the cationic
impurities 40 accumulating in the membrane electrode
assembly 10 does not change substantially. As the volume of
the water storage portion 22 increases, the size of the fuel
cell may increase. The volume of the water storage portion
22 is preferably 200% or lower, more preferably 160% or
lower, and still more preferably 140% or lower of the
maximum water content of the membrane electrode assem-
bly 10.

The water content in the membrane electrode assembly 10
is determined substantially based on the water content in the
electrolyte membrane of the membrane electrode assembly
10 and the water content in the pores of the cathode catalyst
layer 12. The maximum water content of the electrolyte
membrane is a value which is determined based on the
structure of the electrolyte membrane, and can be obtained
from the following Expression 2.

Pion,i Pw
+ Vioni > = Vi —
Z O E Wi ] Y M

i=An,Ca

Prnem

EWoem

A(vmm
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A represents a water content coefficient of SO;~ in the
electrolyte membrane. V, ... 0,....» and EW, _ represent
values of the volume, density, and equivalent weight (EW)
of the electrolyte membrane 11, respectively. V, . .
Oson. 4 and EW, represent values of the volume,
density, and EW of the jonomer of the anode catalyst layer
13. V., cas Pion. ca» @0d EW. . represent values of the
volume, density,’ and EW of the ionomer of the cathode
catalyst layer 12. V;, represents the volume of water stored.
py-and My, represents the density and molecular weight of
water.

The pore volume of the cathode catalyst layer 12 is a
value which is determined based on the structure of the
cathode catalyst layer 12, and can be obtained from the
following Expression 3. Since the pores contain water, the
water content can be obtained by obtaining the pore volume.
The pore volume can be calculated based on the volume
(area and thickness) and the porosity of the cathode catalyst
layer 12. The porosity is a ratio of the pore volume, which
is obtained by subtracting the total volume of materials
included in the cathode catalyst layer 12 (the carbon support,
the ionomer, and the catalyst) from the volume of the
cathode catalyst layer 12, to the volume of the cathode
catalyst layer 12.

me Moy
Pore Volume=&S¢, =S¢ — — - — —
Pc  Pion

mpy
Pp:

e represents the porosity, and S, represents the volume of
the cathode catalyst layer 12. m_ and p, represent the mass
and density of the carbon support included in the cathode
catalyst layer 12. m, , and p,,, represent the mass and
density of the ionomer included in the cathode catalyst layer
12.m , and p,, represent the mass and density of the catalyst
included in the cathode catalyst layer 12.

For example, the maximum water content per 1 cm? is
1.08 mg/cm® when obtained using the following represen-
tative physical properties.

A 14

V om: 0.001 cm’®

Oem: 2 g/m®

EW,,...: 1000 g/mol

Vion, an' 7.5%x107° cm?

pion, An: 2 g/0m3

EW,,,.. 4.: 1000 g/mol

Vion. cat 1.5x107% cm?

pion, Ca: 2 g/Cm3

EW.,,.. c.: 1000 g/mol

V+ calculated value

pw: 1 g/cm®

M- 18 g/mol

e: 0.45

S¢z: 0.001 cm?

In a single cell having a power generation area of 200
cm?, the maximum water content of each single cell is 0.216
g. In this case, it is preferable that the volume of the water
storage portion 22 of each single cell is 20% or higher of the
maximum water content and is 0.043 cc or higher. For
example, the volume of a groove portion having a length of
200 mm, a width of 0.5 mm, and a depth of 0.5 mm is 0.05
cc. Therefore, by forming the water storage portion 22 using
the groove portion having the above-described size, the
water storage portion 22 can function in the cell having the
above-described representative physical properties.

In the first embodiment, from the viewpoint of promoting
the connection between the liquid water 42 of the cathode
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catalyst layer 12 and the liquid water 42 stored in the water
storage portion 22, it is preferable that at least a portion of
the cathode gas diffusion layer 16 opposite to the liquid
water connection portion 24 is highly hydrophilic. In a case
where the cathode gas diffusion layer 16 is formed of a
porous carbon member, a hydrophilic carbon can be
obtained, for example, by bonding a hydrophilic functional
group such as a carboxyl group or a hydroxyl group to
carbon.

In the first embodiment, the example in which one liquid
water connection portion 24 is provided in the cathode-side
water-repellent layer 14 has been described, but the disclo-
sure is not limited thereto. FIG. 8 is a sectional view
showing a single cell 1100 of a fuel cell according to a first
modification example of the first embodiment. FIG. 8 shows
a portion corresponding to FIG. 1C. As shown in FIG. 8,
plural liquid water connection portions 24 may be provided.

FIG. 9A is a sectional view showing a single cell 1200 of
a fuel cell according to a second modification example of the
first embodiment. FIG. 9B is a sectional view taken along
line IXB-IXB of FIG. 9A. As shown in FIGS. 9A and 9B, in
the single cell 1200, a hydrophilic film 50 is provided on a
wall surface of the first groove portion 36a which forms the
water storage portion 22. As shown in FIG. 10, the hydro-
philic film 50 can be obtained by masking portions of the
cathode-side separator 18 excluding the first groove portion
36a with a mask 58 and forming an oxide film formed of
SiO,, SnO,, TiO, or the like or a polymer film such as
cellulose on the first groove portion 36a. In a case where a
surface portion of the cathode-side separator 18 includes
carbon, the hydrophilic film 50 can be formed by performing
a surface treatment such as an oxidation treatment or a
plasma treatment on the surface of the first groove portion
36a such that a hydrophilic functional group such as a
carboxyl group or a hydroxyl group is bonded to the carbon.
Since the other configurations are the same as those of the
first embodiment, the description thereof will not be
repeated.

As in the second modification example of the first
embodiment, the hydrophilic film 50 may be provided on the
wall surface of the first groove portion 36a which forms the
water storage portion 22. As a result, even on the upper wall
surface of the water storage portion 22, the liquid water 42
can be easily stored in the form of a film.

FIG. 11 is a plan view showing the cathode-side separator
18, which is included in a single cell 1300 of a fuel cell
according to a third modification example of the first
embodiment, when seen from the cathode gas diffusion layer
16 side. As shown in FIG. 11, in the single cell 1300, the first
portion 39a of the first groove portion 36a extends to a
region immediately below the air exhaust manifold 31.
Since the other configurations are the same as those of the
first embodiment, the description thereof will not be
repeated.

As in the third modification example of the first embodi-
ment, by the first portion 39q of the first groove portion 36a
extending to the region immediately below the air exhaust
manifold 31, the volume of the water storage portion 22 can
be increased while preventing an increase in the size of the
fuel cell.

FIG. 12A is a sectional view showing a configuration of
a single cell 2000 of a fuel cell according to a second
embodiment. FIG. 12B is a sectional view taken along line
XIIB-XIIB of FIG. 12A. As shown in FIGS. 12A and 12B,
in the single cell 2000, the first groove portion 36« in which
the water storage portion 22 is formed has a longer length in
the gravity direction and a larger sectional area than the



US 10,454,119 B2

13

other first groove portions 36. Since the other configurations
are the same as those of the first embodiment, the description
thereof will not be repeated.

According to the second embodiment, the sectional area
of the first groove portion 36a in which the water storage
portion 22 is formed is larger than those of the other first
groove portions 36. There may be a case where the liquid
water 42 such as water produced during the power genera-
tion of the fuel cell is stored in the water storage portion 22
such that the supply of air is insufficient. In this case, by
increasing the sectional area of the first groove portion 36a
in which the water storage portion 22 is formed, the insuf-
ficient supply of air can be suppressed.

FIG. 13A is a sectional view showing a configuration of
a single cell 3000 of a fuel cell according to a third
embodiment. FIG. 13B is a sectional view taken along line
XMIB-XIIIB of FIG. 13A. As shown in FIGS. 13A and 13B,
in the single cell 3000, a liquid water connection portion 24a
is provided so as to pass through the cathode-side water-
repellent layer 14 and the cathode gas diffusion layer 16
from the cathode catalyst layer 12 side to the cathode-side
separator 18 side. The liquid water connection portion 24a
is in contact with the water storage portion 22. Since the
other configurations are the same as those of the first
embodiment, the description thereof will not be repeated.

According to the third embodiment, the liquid water
connection portion 24a is provided to pass through the
cathode-side water-repellent layer 14 and the cathode gas
diffusion layer 16, and the liquid water connection portion
24a and the water storage portion 22 are in contact with each
other. As a result, the liquid water 42 of the cathode catalyst
layer 12 and the liquid water 42 stored in the water storage
portion 22 are easily connected to each other.

In the third embodiment, it is preferable that a length of
the liquid water connection portion 24a in the gravity
direction is more than a width between one first groove
portion 36 opposite to the liquid water connection portion
24a among the plural first groove portions 36 and another
first groove portion 36 adjacent to the first groove portion 36
opposite to the liquid water connection portion 24a. It is
preferable that the length of the liquid water connection
portion 24a in the gravity direction is equal to or less than
the sum of a width of one first groove portion 36 opposite to
the liquid water connection portion 24a in the gravity
direction and the width between the first groove portion 36
opposite to the liquid water connection portion 24a and
another first groove portion adjacent to the first groove
portion 36 opposite to the liquid water connection portion
24a. These configurations will be described using FIGS.
14A and 14B. FIGS. 14A and 14B are sectional views
showing a connection relationship between the liquid water
connection portion 24a and the cathode-side separator 18.

As shown in FIG. 14A, in a case where the length of the
liquid water connection portion 24« in the gravity direction
is equal to or less than a width W between the first groove
portions 36, the liquid water connection portion 24a may not
be in contact with the first groove portion 36 due to
manufacturing errors or the like. Therefore, it is preferable
that the length of the liquid water connection portion 24a in
the gravity direction is more than the width between one first
groove portion 36 opposite to the liquid water connection
portion 24a and another first groove portion 36 adjacent to
the first groove portion 36 opposite to the liquid water
connection portion 24a.

As shown in FIG. 14B, in a case where the length of the
liquid water connection portion 24« in the gravity direction
is more than the sum of a width W1 of the first groove
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portion 36 in the gravity direction and a width W2 between
the first groove portions 36, the liquid water connection
portion 24a may be in contact with two or more first groove
portions 36. In order to diffuse the cationic impurities 40
from the cathode catalyst layer 12 to the water storage
portion 22, it is sufficient that the liquid water connection
portion 24a is in contact with one first groove portion 36. In
a case where the liquid water connection portion 24a is in
contact with two or more first groove portions 36, the area
of a region where the liquid water connection portion 24a is
provided increases, which may lead to a deterioration in the
function of the cathode-side water-repellent layer 14. It is
preferable that the length of the liquid water connection
portion 24a in the gravity direction is equal to or less than
the sum of the width of the first groove portion 36 opposite
to the liquid water connection portion 24a in the gravity
direction and the width between one first groove portion 36
opposite to the liquid water connection portion 24a and
another first groove portion adjacent to the first groove
portion 36 opposite to the liquid water connection portion
24a.

FIG. 15 is a sectional view showing a configuration of a
single cell 4000 of a fuel cell according to a fourth embodi-
ment. As shown in FIG. 15, in the single cell 4000, a liquid
water connection portion 24b, which is provided to pass
through the cathode-side water-repellent layer 14 and the
cathode gas diffusion layer 16, is formed of a hydrophilic
member. The liquid water connection portion 245 formed of
the hydrophilic member can be formed by embedding a fiber
member or a porous member having pores and a surface, on
which a hydrophilic treatment is performed, into a through-
hole passing through the cathode-side water-repellent layer
14 and the cathode gas diffusion layer 16. In a case where the
liquid water connection portion 244 is formed of a conduc-
tive material, there is an advantageous effect during power
generation. Therefore, it is preferable that the liquid water
connection portion 244 is formed of, for example, a carbon
material. Examples of a method of making the carbon
material hydrophilic include a method of binding a hydro-
philic functional group such as a carboxyl group or a
hydroxyl group to a surface portion of carbon. This hydro-
philic carbon can be formed, for example, by performing a
surface treatment such as an oxidation treatment or a plasma
treatment on carbon. Since the other configurations are the
same as those of the third embodiment, the description
thereof will not be repeated.

In the first to third embodiments, the example in which the
liquid water connection portion 24 or 24a is a through-hole
has been described. However, as in the fourth embodiment,
the liquid water connection portion 245 may be formed of a
hydrophilic member.

FIG. 16A is a sectional view showing a configuration of
a single cell 5000 of a fuel cell according to a fifth embodi-
ment. FIG. 16B is a sectional view taken along line XVIB-
XVIB of FIG. 16A. FIG. 16C is a plan view showing the
cathode-side separator 18 when seen from the cathode gas
diffusion layer 16 side. As shown in FIGS. 16A to 16C, in
the single cell 5000, the first groove portion 36a linearly
extends in the intersection direction intersecting the gravity
direction and is connected to the air exhaust manifold 31. In
the first groove portion 36a, two regions are provided, the
two regions including: first regions 52 where a water exhaust
inhibiting portion 38a formed of a water-repellent film is
formed on a wall surface; and a second region 53 that is
positioned between the first regions 52 and where the water
exhaust inhibiting portion 38a is not formed. The second
region 53 functions as the water storage portion 22. The
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water-repellent film can be formed by applying an aqueous
dispersion of a fluororesin or an alcohol dispersion of a
fluororesin using the same method as in FIG. 10. Since the
other configurations are the same as those of the third
embodiment, the description thereof will not be repeated.

As in the fifth embodiment, the water exhaust inhibiting
portion 38a may be formed of the water-repellent film that
is provided on the wall surface of the lowermost passage
positioned on the lowermost side in the gravity direction in
the cathode gas passage 20, and the second region 53 that is
positioned between the first regions 52 and where the water
exhaust inhibiting portion 38a is not provided may function
as the water storage portion 22, the first regions 52 being a
region where the water exhaust inhibiting portion 38a is
provided. The first regions 52 where the water exhaust
inhibiting portion 38a is provided repel water and thus are
not wet. In addition, since the height of the first groove
portion 36a is small, the liquid water 42 can be stored in the
second region 53 due to surface tension. The water exhaust
inhibiting portion 384 is not necessarily provided on both
sides of the water storage portion 22 and may be provided
only on the air exhaust manifold 31 side. Even in this
configuration, the water exhaust inhibiting portion 38a
inhibits water from being exhausted to the air exhaust
manifold 31. Therefore, the liquid water can be stored in the
water storage portion 22.

In the fifth embodiment, as in the second modification
example of the first embodiment, the hydrophilic film 50
may be provided on a wall surface of the second region 53
of'the first groove portion 36a which forms the water storage
portion 22.

FIG. 17A is a sectional view showing a configuration of
a single cell 6000 of a fuel cell according to a sixth
embodiment. FIG. 17B is a sectional view taken along line
XVIIB-XVIIB of FIG. 17A. FIG. 17C is a plan view
showing the cathode-side separator 18 when seen from the
cathode gas diffusion layer 16 side. As shown in FIGS. 17A
to 17C, in the single cell 6000, a water exhaust inhibiting
portion 386 formed of a protrusion may be formed on the
first groove portion 36a. A portion opposite to the air exhaust
manifold 31 with respect to the water exhaust inhibiting
portion 385 functions as the water storage portion 22. The
separator which has convex-concave portions for forming
the gas passage can be formed, for example, by press-
forming a metal plate or by compressing-molding carbon.
During this forming the water exhaust inhibiting portion 385
can also be formed at the same time. Accordingly, the water
exhaust inhibiting portion 384 is formed of the same mate-
rial as the separator. The separator can be manufactured by
cutting using an end mill. In this case, the water exhaust
inhibiting portion 385 can also be formed by cutting. Since
the other configurations are the same as those of the fifth
embodiment, the description thereof will not be repeated.

As in the sixth embodiment, the water exhaust inhibiting
portion 385 may be formed of the protrusion that is provided
in the lowermost passage positioned on the lowermost side
in the gravity direction in the cathode gas passage 20. The
water exhaust inhibiting portion 385 is not necessarily
formed of the same material as the separator and may be
formed of a different material from the separator.

FIG. 18 is a plan view showing the cathode-side separator
18, which is included in a single cell 6100 of a fuel cell
according to a first modification example of the sixth
embodiment, when seen from the cathode gas diffusion layer
16 side. As shown in FIG. 18, in the single cell 6100, a water
exhaust inhibiting portion 38¢ is formed by a portion of the
first groove portion 36a being curved. Since the other
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configurations are the same as those of the sixth embodi-
ment, the description thereof will not be repeated.

In the first to sixth embodiments, the respective features
may be appropriately combined. That is, for example, by
combining the respective features of the first to fourth
embodiments, the liquid water connection portion 24 pass-
ing through the cathode-side water-repellent layer 14 may be
formed of a hydrophilic member. In the first to sixth embodi-
ments, the examples where the gas passage is a serpentine-
shaped groove type passage which is formed of a serpentine-
shaped groove has been described, but other types of
passages may be adopted.

FIG. 19A is a diagram showing a configuration of a fuel
cell system 7000 according to a seventh embodiment. The
fuel cell system 7000 is a system for supplying driving
power and is mounted on, for example, a fuel cell vehicle or
an electric vehicle. As shown in FIG. 19A, the fuel cell
system 7000 includes a fuel cell 60 (fuel cell stack), an
oxidant gas piping system 70, a fuel gas piping system 80,
a coolant piping system 90, a loading device 100, and a
control device 110 (FIG. 19B). The oxidant gas piping
system 70 supplies, for example, air including oxygen to the
fuel cell 60 as an oxidant gas. The fuel gas piping system 80
supplies, for example, hydrogen to the fuel cell 60 as a fuel
gas.

As the fuel cell 60, the fuel cell according to any one of
the first to sixth embodiments can be used.

The oxidant gas piping system 70 includes an air com-
pressor 71, an oxidant gas supply path 72, a humidifying
module 73, a cathode off gas passage 74, and a motor M1
that drives the air compressor 71.

The air compressor 71 is drive by the motor M1 to
compress air including oxygen (oxidant gas), which has
been taken in from outside air, and to supply the compressed
air to a cathode of the fuel cell 60. A rotating speed detection
sensor 7a which detects the rotating speed is attached to the
motor M1. The oxidant gas supply path 72 guides the air,
which has been supplied from the air compressor 71, to the
cathode of the fuel cell 60. Cathode off gas is exhausted from
the cathode of the fuel cell 60 through the cathode off gas
passage 74.

The humidifying module 73 appropriately humidifies the
air supplied to the fuel cell 60 by performing water exchange
between the air in the low-wet condition which flows
through the oxidant gas supply path 72 and the cathode off
gas in the high wet condition which flows through the
cathode off gas passage 74. The cathode off gas passage 74
exhausts the cathode off gas to the outside of the system. A
back pressure regulating valve Al is provided near a cathode
outlet port of the cathode off gas passage 74. The pressure
of the air exhausted from the fuel cell 60, that is, the cathode
back pressure is regulated by the back pressure regulating
valve Al. A pressure sensor 7b which detects the cathode
back pressure is attached between the fuel cell 60 and the
back pressure regulating valve Al in the cathode off gas
passage 74.

The fuel gas piping system 80 includes a fuel gas supply
source 81, a fuel gas supply path 82, a fuel gas circulation
path 83, an anode off gas passage 84, a fuel gas circulation
pump 85, a gas-liquid separator 86, and a motor M2 that
drives the fuel gas circulation pump 85.

The fuel gas supply source 81 is a tank which supplies
hydrogen to the fuel cell 60 as the fuel gas. The fuel gas
supply path 82 guides hydrogen, which has been discharged
from the fuel gas supply source 81, to an anode of the fuel
cell 60. In the fuel gas supply path 82, a tank valve H1, a
regulator H2, and an injector H3 are provided in order from
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upstream. These components are electromagnetic valves
which supply hydrogen to the fuel cell 60 or stop the supply
thereof. By controlling the injector H3 based on a measured
value of the pressure sensor 8a, the flow rate of hydrogen
supplied to the fuel cell 60 can be controlled.

The fuel gas circulation path 83 circulates unreacted
hydrogen in the fuel cell 60. In the fuel gas circulation path
83, the gas-liquid separator 86, the fuel gas circulation pump
85, and a check valve (not shown) are provided in order from
upstream. Unreacted hydrogen exhausted from the fuel cell
60 is appropriately pressurized by the fuel gas circulation
pump 85 and is guided to the fuel gas supply path 82. The
backflow of hydrogen from the fuel gas supply path 82 to the
fuel gas circulation path 83 is inhibited by the check valve.
The anode off gas passage 84 exhausts the anode off gas
including hydrogen, which has been exhausted from the fuel
cell 60, and water, which is stored in the gas-liquid separator
86, to the outside of the system. In the anode off gas passage
84, an exhaust valve H5 is provided.

The coolant piping system 90 includes a coolant passage
91, a coolant bypass passage 92, a radiator 93, a coolant
circulation pump 94, and a motor M3 that drives the coolant
circulation pump 94. The radiator 93 supplies the coolant to
the fuel cell 60 through the coolant passage 91 and receives
the coolant which has been used to cool the fuel cell 60. As
the coolant, for example, water or a mixture of water and
ethylene glycol can be used. The coolant bypass passage 92
is provided in order to circulate the coolant without the
coolant passing through the radiator 93. Whether to circulate
the coolant through the radiator 93 or through the coolant
bypass passage 92 is controlled by switching a rotary valve
95. The coolant circulation pump 94 regulates the circulation
speed of the coolant. The internal temperature of the fuel cell
60 is regulated by the coolant circulation pump 94. A
temperature sensor 9a which detects the temperature of the
coolant flowing out from the fuel cell 60 is attached between
the fuel cell 60 and the coolant circulation pump 94 in the
coolant passage 91.

The loading device 100 is a device for measuring elec-
trical characteristics of the fuel cell 60. The loading device
100 is electrically connected between a pair of current
collector plates, which are provided on both outsides of the
fuel cell 60 (fuel cell stack), and detects the total voltage of
the fuel cell 60. The loading device 100 may be configured
to be electrically connected between the separators of each
single cell of the fuel cell and to detect the voltage per single
cell. The loading device 100 detects the impedance of the
fuel cell 60 based on a relationship between a voltage value
and a current value flowing through the fuel cell 60 when
varying the current value.

The control device 110 is configured to include a micro-
computer including a central processing unit (CPU), a read
only memory (ROM), and a random access memory (RAM).
The control device 110 controls the operation of the system
based on a program stored on the ROM. Not only the
above-described program but also various maps, thresholds,
and the like used for controlling the system are stored on the
ROM. Based on a required output for the fuel cell 60,
outputs of the loading device 100 and various sensors, and
the like, the control device 110 controls various valves, the
fuel gas circulation pump 85, the coolant circulation pump
94, the air compressor 71, and the like so as to control the
operation of the system including a cationic impurity
exhaust treatment described below. The control device 110
functions as the gas flow rate controller 111 in the cationic
impurity exhaust treatment. The gas flow rate controller 111
controls the flow rate of gas circulating in the gas passage,
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which is provided in the separator, by controlling the air
compressor 71 and the injector H3.

FIG. 20 is a flowchart showing an example of the cationic
impurity exhaust treatment using the control device 110 in
the fuel cell system 7000 according to the seventh embodi-
ment. As shown in FIG. 20, the control device 110 waits
until an ignition-off signal is detected in Step S10. After
detecting the ignition-off signal (Step S10: Yes), the control
device 110 proceeds to Step S12 and stops the operation of
the fuel cell 60.

Next, in Step S14, the control device 110 determines
whether or not it is necessary to exhaust the cationic
impurities 40. For example, in a case where an immediately
previous operating time of the fuel cell 60 (an operating time
required to stop the operation in Step S12 from the activation
of the fuel cell 60 before Step S12) is a predetermined time
or longer, the control device 110 determines that it is
necessary to exhaust the cationic impurities 40. The reason
is as follows: as the operating time of the fuel cell 60
increases, the amount of the cationic impurities 40 incorpo-
rated increases. In addition, in a case where any one of the
following cases occurs, it is thought that the amount of the
cationic impurities 40 is large, and thus the control device
110 may determine that it is necessary to exhaust the cationic
impurities 40.

1. A case where there is a record regarding the incomple-
tion of exhausting of the cationic impurities is present in a
recording unit

2. A case where current-voltage characteristics of the fuel
cell 60 deteriorates significantly (for example, a case where
a voltage value is lower than a threshold under predeter-
mined conditions)

3. A case where an clapsed time from the previous
cationic impurity exhaust treatment is a predetermined time
(for example, 5000 hours) or longer

4. A case where an operating time from the previous
cationic impurity exhaust treatment is a predetermined time
(for example, 1000 hours) or longer

5. A case where an traveling distance from the previous
cationic impurity exhaust treatment is a predetermined dis-
tance (for example, 5000 km) or longer

6. A case where an instruction to perform the cationic
impurity exhaust treatment is given by the user (for example,
a case where a button provided in a console panel is pushed
by the user)

In a case where it is determined that it is necessary to
exhaust the cationic impurities in Step S14 (Step S14: Yes),
the control device 110 proceeds to Step S16 and determines
whether or not the fuel cell system is in an environment in
which the cationic impurities can be exhausted. For
example, in a case where the remaining battery capacity is
a predetermined value or higher and the outside air tem-
perature is neither below zero nor a predetermined tempera-
ture or higher, the control device 110 determines that the fuel
cell system is in an environment in which the cationic
impurities can be exhausted. The reason is as follows. In a
case where the remaining battery capacity is lower than the
predetermined value, it is difficult to secure power required
for the cationic impurity exhaust treatment, and in a case
where the outside air temperature is below zero, the liquid
water 42 stored in the water storage portion 22 may freeze.
In addition, heat of the fuel cell is naturally dissipated by
outside air after the finish of power generation of the fuel
cell. At this time, in a case where the outside air temperature
is a predetermined temperature or higher, the temperature of
the fuel cell after power generation is stopped is not
decreased sufficiently. Therefore, the amount of condensed
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liquid water is decreased, the liquid water 42 is not suffi-
ciently stored. On the other hand, in a case where it is
determined that it is not necessary to exhaust the cationic
impurities in Step S14 (Step S14: No), the control device
110 finishes the cationic impurity exhaust treatment.

In a case where it is determined that the fuel system is in
an environment in which the cationic impurities can be
exhausted in Step S16 (Step S16: Yes), the control device
110 proceeds to Step S18 and determines whether or not a
predetermined time elapses after the operation is stopped in
Step S12. In a case where it is determined that the prede-
termined time does not elapse in Step S18 (Step S18: No),
the control device 110 proceeds to Step S20 and determines
whether or not an ignition-on signal is detected. In a case
where the ignition-on signal is not detected (Step S20: No),
the control device 110 returns to Step S18. The reason is as
follows. When the operation of the fuel cell 60 is stopped,
as shown in FIG. 6, the liquid water 42 (dew condensation
water) is stored in the water storage portion 22 formed in the
cathode gas passage 20. In this case, since the moving speed
of the cationic impurities 40 is slow, the amount of the
cationic impurities 40 diffused in the liquid water 42 of the
water storage portion 22 is small unless a given amount of
time elapses.

In a case where it is determined that the predetermined
time elapses in Step S18 (Step S18: Yes), the control device
110 proceeds to Step S22 and controls the air compressor 71
to circulate air in the cathode gas passage 20 at a flow rate,
which is higher than a flow rate corresponding to the amount
of power generated based on a required output of the fuel
cell 60, such that the liquid water 42 stored in the water
storage portion 22 is exhausted. Here, the power generation
of the fuel cell 60 is stopped. Therefore, a first gas flow rate
corresponding to the amount of power generated is zero. On
the other hand, air is circulated at a second gas flow rate at
which the liquid water 42 of the water storage portion 22 can
be exhausted. The second gas flow rate may be a predeter-
mined value or a variable value which is determined based
on immediately previous operating conditions, the outside
air temperature, and the like. By circulating air in the
cathode gas passage 20, the liquid water 42 stored in the
water storage portion 22 can be exhausted. By the liquid
water 42 of the water storage portion 22 being exhausted, the
cationic impurities 40 in the liquid water 42 are also
exhausted to the outside of the fuel cell. Next, the control
device 110 proceeds to Step S24, records the completion of
exhausting of the cationic impurities on a recording unit, and
finishes the cationic impurity exhaust treatment.

In a case where the ignition-on signal is detected in Step
S20 (Step S20: Yes), the control device 110 proceeds to Step
826, records the incompletion of exhausting of the cationic
impurities on the recording unit, and finishes the cationic
impurity exhaust treatment. In a case where it is determined
that the fuel system is not in an environment in which the
cationic impurities can be exhausted in Step S16 (Step S16:
No), similarly, the control device 110 proceeds to Step S26,
records the incompletion of exhausting of the cationic
impurities on the recording unit, and finishes the cationic
impurity exhaust treatment.

According to the seventh embodiment, while the fuel cell
60 is stopped, the control device 110 circulates air in the
cathode gas passage 20 such that the liquid water 42 stored
in the water storage portion 22 is exhausted (Step S22). As
a result, the liquid water 42 stored in the water storage
portion 22 can be exhausted, and a large amount of the
cationic impurities 40 can be exhausted to the outside of the
fuel cell.
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According to the seventh embodiment, in a case where the
immediately previous operating time of the fuel cell 60 is
shorter than the predetermined time, the control device 110
does not circulate air in the cathode gas passage 20 (Step
S14). The cationic impurities 40 are contained in the liquid
water 42 by incorporation from in-take air or by elution from
materials constituting the membrane electrode assembly 10.
Therefore, it is thought that the amount of the cationic
impurities 40 increase depending on the operating time of
the fuel cell 60. Therefore, in a case where the operating time
of' the fuel cell 60 is shorter than the predetermined time, the
amount of the cationic impurities 40 is not that large.
Therefore, by not circulating air in the cathode gas passage
20, unnecessary power consumption is reduced, and the fuel
efficiency can be improved.

According to the seventh embodiment, in a case where the
immediately previous stoppage time of the fuel cell 60 is
shorter than the predetermined time, the control device 110
does not circulate air in the cathode gas passage 20 (Step
S18). A long period of time is required for the cationic
impurities 40 to be diffused from the cathode catalyst layer
12 to the water storage portion 22 while the fuel cell 60 is
stopped. Therefore, in a case where the stoppage time of the
fuel cell 60 is shorter than the predetermined time, the
amount of the cationic impurities 40 in the water storage
portion 22 is not that large. Therefore, by not circulating air
in the cathode gas passage 20, unnecessary power consump-
tion is reduced, and the fuel efficiency can be improved.

In the seventh embodiment, the example where the deter-
mination in Step S14 is performed based on the immediately
previous operating time of the fuel cell 60 has been
described. However, the determination in Step S14 may be
performed based on the total operating time of the fuel cell
60 (the total operating time from the first activation of the
fuel cell 60).

Since a configuration of a fuel cell system according to an
eighth embodiment is the same as in the seventh embodi-
ment, the description thereof will not be repeated. FIG. 21
is a flowchart showing an example of the cationic impurity
exhaust treatment using the control device 110 in the fuel
cell system according to the eighth embodiment. As shown
in FIG. 21, first, the control device 110 performs the
treatments of Steps S30 to S36. Since the treatments of Steps
S30 to S36 are the same as the treatments of Steps S10 to
S16 of FIG. 20, the description thereof will not be repeated.

In a case where it is determined that the fuel system is in
an environment in which the cationic impurities can be
exhausted in Step S36 (Step S36: Yes), the control device
110 proceeds to Step S38 and waits until an ignition-on
signal is detected. After the ignition-on signal is detected
(Step S38: Yes), the control device 110 proceeds to Step S40.
In Step S40, the control device 110 determines whether or
not a stoppage time required to detect the ignition-on signal
in Step S38 from the stop of the fuel cell 60 in Step S32 is
a predetermined time or longer.

In a case where it is determined that the predetermined
time elapses in Step S40 (Step S40: Yes), the control device
110 proceeds to Step S42 and controls the air compressor 71
to circulate air in the cathode gas passage 20 at a flow rate,
which is higher than a flow rate corresponding to the amount
of power generated based on a required output of the fuel
cell 60, such that the liquid water 42 stored in the water
storage portion 22 is exhausted. During a normal power
generation of the fuel cell, a first gas flow rate corresponding
to the amount of power generated based on the required
output is set. On the other hand, air is circulated at a second
gas flow rate which is higher than the first gas flow rate and
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at which the liquid water 42 of the water storage portion 22
can be exhausted. The second gas flow rate may be the same
as the second gas flow rate during the power generation stop
in the seventh embodiment or may be larger than that in the
seventh embodiment by adding a flow rate required for
power generation thereto. Next, the control device 110
proceeds to Step S44, records the completion of exhausting
of the cationic impurities on the recording unit, and finishes
the cationic impurity exhaust treatment.

In a case where it is determined that the predetermined
time does not elapse in Step S40 (Step S40: No), the control
device 110 proceeds to Step S46, records the incompletion
of exhausting of the cationic impurities on the recording
unit, and finishes the cationic impurity exhaust treatment. In
a case where it is determined that the fuel system is not in
an environment in which the cationic impurities can be
exhausted in Step S36 (Step S36: No), similarly, the control
device 110 proceeds to Step S46, records the incompletion
of exhausting of the cationic impurities on the recording
unit, and finishes the cationic impurity exhaust treatment.

According to the eighth embodiment, during the activa-
tion of the fuel cell 60 (when the ignition-on signal is
detected), the control device 110 circulates air in the cathode
gas passage 20 at a flow rate which is higher than a gas flow
rate corresponding to the amount of power generated based
on a required output of the fuel cell 60. With the above-
described configuration, similarly the liquid water 42 stored
in the water storage portion 22 can be exhausted, and the
cationic impurities 40 can be exhausted to the outside of the
fuel cell.

According to the eighth embodiment, in a case where the
immediately previous operating time of the fuel cell 60 is
shorter than the predetermined time, the control device 110
does not circulate air in the cathode gas passage 20 at a flow
rate which is higher than a gas flow rate corresponding to the
amount of power generated based on a required output of the
fuel cell 60 (Step S34). As a result, unnecessary power
consumption is reduced, and the fuel efficiency can be
improved.

According to the eighth embodiment, in a case where the
immediately previous stoppage time of the fuel cell 60 is
shorter than the predetermined time, the control device 110
does not circulate air in the cathode gas passage 20 at a flow
rate which is higher than a gas flow rate corresponding to the
amount of power generated based on a required output of the
fuel cell 60 (Step S40). As a result, unnecessary power
consumption is reduced, and the fuel efficiency can be
improved.

FIG. 22A is a diagram showing a configuration of a fuel
cell system 9000 according to a ninth embodiment. As
shown in FIG. 22A, in the fuel cell system 9000 according
to the ninth embodiment, the control device 110 functions
not only as the gas flow rate controller 111 (FIG. 22B), but
also as a coolant circulation controller 112 (FIG. 22B) and
a power generation controller 113 (FIG. 22B) in the cationic
impurity exhaust treatment. The coolant circulation control-
ler 112 controls the circulation of the coolant in the coolant
passage 91 by controlling the coolant circulation pump 94.
The power generation controller 113 controls the power
generation of the fuel cell 60. Since the other configurations
are the same as those of the seventh embodiment, the
description thereof will not be repeated.

FIGS. 23 and 24 show a flowchart showing an example of
the cationic impurity exhaust treatment using the control
device 110 in the fuel cell system 9000 according to the
ninth embodiment. As shown in FIGS. 23 and 24, first, the
control device 110 performs the treatments of Steps S50 to
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S54. Since the treatments of Steps S50 to S54 are the same
as the treatments of Steps S10, S14, and S16 of FIG. 20, the
description thereof will not be repeated.

In a case where it is determined that the fuel system is in
an environment in which the cationic impurities can be
exhausted in Step S54 (Step S54: Yes), the control device
110 proceeds to Step S56 and determines whether or not the
temperature of the fuel cell 60 is lower than a second
predetermined temperature (for example, 65° C.). The tem-
perature of the fuel cell 60 can be obtained from the
temperature which is detected by, for example, the tempera-
ture sensor 9a provided in the coolant passage 91. The
temperature of the fuel cell 60 may be obtained using other
methods.

In a case where it is determined that the temperature of the
fuel cell 60 is lower than the second predetermined tem-
perature in Step S56 (Step S56: Yes), the control device 110
proceeds to Step S58 and performs a rapid warm-up opera-
tion by causing the fuel cell 60 to generate power. For
example, the control device 110 causes the fuel cell 60 to
generate power by controlling the coolant circulation pump
94 to reduce the flow rate of the coolant, which is supplied
to the fuel cell 60, to be lower than that during the normal
power generation, or the control device 110 supplies the
coolant to the fuel cell 60 through the coolant bypass
passage 92 by switching the rotary valve 95 to the coolant
bypass passage 92 side. In this way, the control device 110
causes the fuel cell 60 to generate power under conditions in
which the temperature of the fuel cell 60 is likely to increase.
By performing the rapid warm-up operation, the temperature
of the fuel cell 60 can be increased, and the amount of water
vapor included in gas in the fuel cell 60 can be increased.

Next, in Step S60, the control device 110 determines
whether or not the temperature of the fuel cell 60 is
increased to be the second predetermined temperature or
higher due to rapid warm-up operation. In a case where it is
determined that the temperature of the fuel cell 60 is lower
than the second predetermined temperature in Step S60
(Step S60: No), the control device 110 returns to Step S58
and continues the rapid warm-up operation. On the other
hand, in a case where it is determined that the temperature
of the fuel cell 60 is increased to be the second predeter-
mined temperature or higher in Step S60 (Step S60: Yes), the
control device 110 proceeds to Step S62 and stops the power
generation (operation) of the fuel cell 60. In a case where it
is determined that the temperature of the fuel cell 60 is the
second predetermined temperature or higher in Step S56
(Step S56: No), the control device 110 proceeds to Step S62
and stops the power generation (operation) of the fuel cell 60
without performing the rapid warm-up operation.

Next, in Step S64, the control device 110 performs a rapid
cooling operation on the fuel cell 60. For example, the
control device 110 drives the coolant circulation pump 94 to
circulate the coolant in the coolant passage 91 through the
radiator 93 such that the fuel cell 60 is rapidly cooled. In a
case where the temperature of the fuel cell 60 is decreased
by natural heat dissipation without circulating the coolant,
for example, the temperature of the outer circumference of
the fuel cell 60 such as the vicinity of the manifold which is
likely to be cooled is decreased first. Therefore, in this
region, dew condensation is likely to occur. In addition,
since water vapor moves to a cold region, water vapor in the
vicinity of the membrane electrode assembly 10 moves to
the vicinity of the manifold. Therefore, when the tempera-
ture of the membrane electrode assembly 10 is decreased,
the amount of water vapor in the vicinity of the membrane
electrode assembly 10 is reduced, and the amount of dew
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condensation water produced in the vicinity of the mem-
brane electrode assembly 10 is reduced. However, by cir-
culating the coolant in the coolant passage 91 to supply the
coolant to the fuel cell 60, the inside of the fuel cell 60 can
be cooled, and thus a large amount of dew condensation
water can be produced in the vicinity of the membrane
electrode assembly 10. As a result, a large amount of the
liquid water 42 can be stored in the water storage portion 22.
In Step S54, the predetermined temperature for determining
whether or not the outside air temperature is the predeter-
mined temperature or higher may be the same as or different
from the predetermined temperature of Step S16 in the
seventh embodiment. The reason for this is as follows: in a
case where the heat of the fuel cell 60 is naturally dissipated
by outside air, the amount of the liquid water remaining in
the fuel cell is different from that in a case where the fuel cell
60 is rapidly cooled using the coolant.

Next, in Step S66, the control device 110 determines
whether or not the temperature of the fuel cell 60 is
decreased to be lower than a first predetermined temperature
(for example, 30° C.). In a case where it is determined that
the temperature of the fuel cell 60 is the first predetermined
temperature or higher in Step S66 (Step S66: No), the
control device 110 determines whether or not an ignition-on
signal is detected (Step S68). In a case where the ignition-on
signal is not detected (Step S68: No), the control device 110
returns to Step S64 and continues the rapid cooling opera-
tion.

In a case where it is determined that the temperature of the
fuel cell 60 is decreased to be lower than the first predeter-
mined temperature in Step S66 (Step S66: Yes), the control
device 110 proceeds to Step S70 and stops the cooling on the
fuel cell 60.

Next, in Step S72, the control device 110 determines
whether or not a predetermined time elapses after the
cooling is stopped in Step S70. In a case where it is
determined that the predetermined time does not elapse in
Step S72 (Step S72: No), the control device 110 determines
whether or not an ignition-on signal is detected (Step S74).
In a case where the ignition-on signal is not detected (Step
S74: No), the control device 110 returns to Step S72.

In a case where it is determined that the predetermined
time elapses in Step S72 (Step S72: Yes), the control device
110 proceeds to Step S76 and circulates air in the cathode
gas passage 20 such that the liquid water 42 stored in the
water storage portion 22 is exhausted. Next, the control
device 110 proceeds to Step S78, records the completion of
exhausting of the cationic impurities on the recording unit,
and finishes the cationic impurity exhaust treatment.

In a case where the ignition-on signal is detected in Step
S68 or Step S74 (Step S68: Yes or Step S74: Yes), the control
device 110 proceeds to Step S80, records the incompletion
of exhausting of the cationic impurities on the recording
unit, and finishes the cationic impurity exhaust treatment. In
a case where it is determined that the fuel system is not in
an environment in which the cationic impurities can be
exhausted in Step S54 (Step S54: No), similarly, the control
device 110 proceeds to Step S80, records the incompletion
of exhausting of the cationic impurities on the recording
unit, and finishes the cationic impurity exhaust treatment.

According to the ninth embodiment, after the power
generation (operation) of the fuel cell 60 is stopped, the
control device 110 drives the coolant circulation pump 94 to
circulate the coolant in the coolant passage 91 until the
temperature of the fuel cell 60 is lower than the first
predetermined temperature (Step S64, S66). After the tem-
perature of the fuel cell 60 is lower than the first predeter-
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mined temperature and the circulation of the coolant is
finished, the control device 110 circulates air in the cathode
gas passage 20 such that the liquid water 42 stored in the
water storage portion 22 is exhausted (Step S76). As a result,
as described above, the inside of the fuel cell 60 can be
cooled. Therefore, a large amount of dew condensation
water can be produced in the vicinity of the membrane
electrode assembly 10, and a large amount of the liquid
water 42 can be stored in the water storage portion 22.
Accordingly, a large amount of the cationic impurities 40
can be diffused in the liquid water 42 stored in the water
storage portion 22, and by exhausting the liquid water 42, a
large amount of the cationic impurities 40 can be exhausted
to the outside of the fuel cell.

According to the ninth embodiment, in a case where the
temperature of the fuel cell 60 is lower than the second
predetermined temperature when a signal for stopping the
fuel cell 60 is received, the control device 110 causes the fuel
cell 60 to generate power until the temperature of the fuel
cell 60 is the second predetermined temperature or higher
(Steps S56 to S60). After the temperature of the fuel cell 60
is the second predetermined temperature or higher and the
fuel cell 60 is stopped, the control device 110 circulates the
coolant until the temperature of the fuel cell 60 is lower than
the first predetermined temperature (Steps S64 and S66). As
described above, by increasing the temperature of the fuel
cell 60, and the amount of water vapor included in the fuel
cell 60 can be increased. Therefore, by cooling the inside of
the fuel cell 60 in this state, a larger amount of dew
condensation water can be produced than that in the vicinity
of the membrane electrode assembly 10.

In the ninth embodiment, in Step S58, the control device
110 may cause the fuel cell 60 to generate power until the
temperature of the fuel cell 60 is the second predetermined
temperature or higher by reducing the supply amount of air
to be less than that during the normal power generation. The
reason for this is as follows. In a case where the supply
amount of air is reduced, the amount of water produced is
reduced, but the amount of water exhausted is also reduced
due to the flow rate of air supplied. Therefore, as a whole,
the amount of the liquid water remaining in the fuel cell 60
can be increased. In the ninth embodiment, after the igni-
tion-off signal is detected, both the rapid warm-up operation
and the rapid cooling operation are performed. However,
only the rapid cooling operation may be performed. Even in
a case where only the rapid cooling operation is performed,
the amount of the liquid water remaining in the fuel cell 60
can be increased.

Since a configuration of a fuel cell system according to a
tenth embodiment is the same as in the ninth embodiment,
the description thereof will not be repeated. FIGS. 25 and 26
show a flowchart showing an example of the cationic
impurity exhaust treatment using the control device 110 in
the fuel cell system according to the tenth embodiment. The
flowchart shown in FIGS. 25 and 26 is different from the
flowchart in FIGS. 23 and 24 in that Step S90 is added. In
Step S90, in a case where it is determined that the tempera-
ture of the fuel cell 60 is the second predetermined tem-
perature or higher in Step S56 (Step S56: No), the control
device 110 determines whether or not an impedance value of
the fuel cell 60 is lower than a predetermined value (for
example, 80 mQ). In a case where it is determined that the
impedance value is lower than the predetermined value in
Step S90 (Step S90: Yes), the control device 110 proceeds to
Step S62. In a case where it is determined that the impedance
value is the predetermined value or higher in Step S90 (Step
S90: No), the control device 110 proceeds to Step S80. Since
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the other configurations are the same as those shown in
FIGS. 23 and 24 of the ninth embodiment, the description
thereof will not be repeated.

According to the tenth embodiment, even when the tem-
perature of the fuel cell 60 is the second predetermined
temperature or higher, in a case where the impedance value
of the fuel cell 60 is the predetermined value or higher, the
control device 110 performs the rapid cooling operation on
the fuel cell 60 (Step S90). In a case where the impedance
value of the fuel cell 60 is the predetermined value or higher,
the membrane electrode assembly 10 is dry. Therefore, it is
thought that, even when the rapid cooling operation is
performed on the fuel cell 60, a large amount of dew
condensation water is not produced in the vicinity of the
membrane electrode assembly 10. Therefore, in this case, by
not circulating air in the cathode gas passage 20, unneces-
sary power consumption is reduced, and the fuel efficiency
can be improved.

In the seventh to tenth embodiments, the example in
which air is circulated at a flow rate, which is higher than a
gas tflow rate corresponding to the amount of power gener-
ated based on a required output of the fuel cell 60, has been
described. However, air may be circulated at a flow rate
which is higher than a gas flow rate corresponding to the
amount of power generated based on a maximum required
output of the fuel cell 60. In this case, the exhausting of the
liquid water 42 stored in the water storage portion 22 can be
promoted, and the remaining of the liquid water 42 in the
water storage portion 22 can be inhibited.

In the first to tenth embodiments, the example in which
the water storage portion 22 and the liquid water connection
portion 24 are provided on the cathode side has been
described. However, the water storage portion 22 and the
liquid water connection portion 24 may be provided on the
anode side or provided on both the cathode side and the
anode side.

The flowcharts shown in the seventh to tenth embodi-
ments are merely exemplary. Some steps may be omitted,
and another step may be added. For example, when the
operation of the fuel cell 60 is stopped, a treatment of
circulating gas in the gas passage such that the liquid water
in the gas passage is temporarily exhausted may be added.
However, in a case where the above-described treatment is
not performed, the liquid water which has been present in
advance in the gas passage and the dew condensation water
produced by cooling are stored in the water storage portion.
Therefore, it is preferable that the above-described treatment
is not performed.

Hereinabove, the embodiments of the disclosure have
been described in detail. However, the disclosure is not
limited to the above-described embodiments, and various
modifications and changes can be made within a range not
departing from the scope of the disclosure.

What is claimed is:

1. A fuel cell comprising:

a membrane electrode assembly in which an electrode
catalyst layer is provided on both surfaces of an elec-
trolyte membrane;

a water-repellent layer that is disposed on at least one
surface of the membrane electrode assembly; and

a separator that is disposed on a surface of the water-
repellent layer opposite to the membrane electrode
assembly and includes a gas passage configured to
circulate gas, which is supplied to the electrode catalyst
layer, and an exhaust manifold connected to the gas
passage, wherein
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the gas passage includes a water exhaust inhibiting por-
tion and a water storage portion,

the water exhaust inhibiting portion is provided on a
lowermost passage positioned on a lowermost side in a
gravity direction in a state where the fuel cell is
mounted on a vehicle in order to inhibit liquid water
from being exhausted to the exhaust manifold,

the water storage portion is provided upstream of the
water exhaust inhibiting portion such that liquid water
is stored in the water storage portion by the water
exhaust inhibiting portion, and

a liquid water connection portion is provided in the
water-repellent layer so as to pass through the water-
repellent layer from an electrode catalyst layer side to
a separator side such that liquid water flows between
the electrode catalyst layer and the water storage por-
tion.

2. The fuel cell according to claim 1, wherein

the lowermost passage in the gas passage includes a first
portion that extends in a direction intersecting the
gravity direction and a second portion that extends
upward from the first portion and is connected to the
exhaust manifold,

the first portion functions as the water storage portion, and

the second portion functions as the water exhaust inhib-
iting portion.

3. The fuel cell according to claim 2, wherein

the first portion extends to a region immediately below the
exhaust manifold.

4. The fuel cell according to claim 1, wherein

the water exhaust inhibiting portion is a water-repellent
film that is provided on a wall surface of the lowermost
passage.

5. The fuel cell according to claim 1, wherein

the water exhaust inhibiting portion is a protrusion that is
provided in the lowermost passage.

6. The fuel cell according to claim 1, further comprising

a gas diffusion layer that is provided between the water-
repellent layer and the separator, wherein

the liquid water connection portion is provided so as to
pass through the water-repellent layer and the gas
diffusion layer from the electrode catalyst layer side to
the separator side, and

the liquid water connection portion and the water storage
portion are in contact with each other.

7. The fuel cell according to claim 1, wherein

the gas passage extends in a direction intersecting the
gravity direction and includes a plurality of groove
portions along the gravity direction, and

a sectional area of a groove portion where the water
storage portion is provided among the plurality of
groove portions is larger than sectional areas of other
groove portions.

8. The fuel cell according to claim 1, wherein

a volume of the water storage portion is 20% or higher of
a maximum water content of the membrane electrode
assembly.

9. The fuel cell according to claim 1, wherein

the gas passage extends in a direction intersecting the
gravity direction and includes a plurality of groove
portions along the gravity direction, and

a length of the liquid water connection portion in the
gravity direction is more than a width between one
groove portion opposite to the liquid water connection
portion among the plurality of groove portions and
another groove portion adjacent to the one groove
portion.
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10. A fuel cell system, comprising:

the fuel cell according to claim 1; and

a gas flow rate controller configured to control a flow rate
of gas circulating in the gas passage, wherein

when the fuel cell is stopped or activated, the gas flow rate
controller is configured to circulate gas in the gas
passage at a second gas flow rate which is higher than
a first gas flow rate corresponding to an amount of
power generated based on a required output for the fuel
cell.

11. The fuel cell system according to claim 10, wherein

the gas flow rate controller is configured to circulate gas
at the second gas flow rate in a case where a total
operating time or an immediately previous operating
time of the fuel cell is a first predetermined time or
longer, and is configured not to circulate gas at the
second gas flow rate in a case where the total operating
time or the immediately previous operating time is
shorter than the first predetermined time.

12. The fuel cell system according to claim 10, wherein

the gas flow rate controller is configured to circulate gas
at the second gas flow rate in a case where an imme-
diately previous stoppage time of the fuel cell is a
second predetermined time or longer, and is configured
not to circulate gas at the second gas flow rate in a case
where the immediately previous stoppage time is
shorter than the second predetermined time.

13. The fuel cell system according to claim 10, further

comprising:

a coolant passage configured to circulate a coolant which
is supplied to the fuel cell to cool the fuel cell;

a temperature detector that detects a temperature of the
fuel cell; and
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a coolant circulation controller that is configured to con-
trol circulation of the coolant in the coolant passage,
wherein

the coolant circulation controller is configured to circulate
the coolant in the coolant passage until the temperature
of the fuel cell is lower than a first predetermined
temperature after power generation of the fuel cell is
stopped, and

the gas flow rate controller is configured to circulate gas
at the second gas flow rate after the temperature of the
fuel cell is lower than the first predetermined tempera-
ture and circulation of the coolant is stopped.

14. The fuel cell system according to claim 13, further

comprising:

a power generation controller configured to cause, in a
case where the temperature of the fuel cell is lower than
a second predetermined temperature when a signal for
stopping the fuel cell is received, the fuel cell to
generate power until the temperature of the fuel cell is
the second predetermined temperature or higher,
wherein

the coolant circulation controller is configured to circulate
the coolant in the coolant passage until the temperature
of the fuel cell is lower than the first predetermined
temperature after the temperature of the fuel cell is the
second predetermined temperature or higher and the
power generation of the fuel cell is stopped.

15. The fuel cell system according to claim 14, wherein

the power generation controller is configured to cause the
fuel cell to generate power until the temperature of the
fuel cell is the second predetermined temperature or
higher by reducing a supply amount of gas to be less
than that during the power generation based on the
required output for the fuel cell.
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